Abstract. In this study, first principles calculation results of the half-metallic ferromagnetic Heusler compound Co2MnSi are presented. All calculations are based on the spin-polarized generalized gradient approximation (σ-GGA) of the density functional theory and ultrasoft pseudopotentials with plane wave basis. Electronic structure of related compound in cubic L21 structure is investigated up to 95 GPa uniform hydrostatic pressure. The half-metal to metal transition was observed around ∼70 GPa together with downward shift of the conduction band minimum (CBM) and a linear increase of direct band gap of minority spins at Γ -point with increasing pressure. The electronic density of states of minority spins at Fermi level, which are mainly due to the cobalt atoms, become remarkable with increasing pressure resulting a sharp decrease in spin polarization ratio. It can be stated that the pressure affects minority spin states rather than that of majority spins and lead to a slight reconstruction of minority spin states which lie below the Fermi level. In particular, energy band gap of minority spin states in equilibrium structure is obviously not destroyed, but the Fermi level is shifted outside the gap.
Introduction
Half-metallic ferromagnetism was first introduced by de Groot et al. [1] in half-Heusler compound NiMnSb which crystallizes in C1 b crystallographic phase. Halfmetallic compounds are characterized by metallic electronic band structure for majority spins, while the band structure of minority spins is semiconductor indicating a high spin polarization around Fermi level (E F ). Consequently, half-metals can conduct a fully spin-polarized current in principal resulting a very large magneto-resistance. 100% spin polarization is a hypothetical situation that can be approached in the limit of vanishing temperature and by neglecting spin-orbit effects [2] . These materials play an important role in various spin-dependent electronic applications like spintronics [3, 4] , giant magneto-resistance spin valve [5] and spin injection to semiconductors [6] [7] [8] .
There are several compounds which are predicted to be half-metallic by ab initio calculations [9] [10] [11] [12] [13] . The electronic, magnetic and band gap properties of half-and full-Heusler compounds were studied extensively in previous works [14, 15] . The electronic and spin-polarization properties of half-metallic Heusler alloys were also reviewed in a recent ab initio study [16] . Co-based fullHeusler compounds (Co 2 YZ) in cubic L2 1 structure, specially Co 2 MnSi, are the most promising materials for spintronics applications due to high Curie temperature a e-mail: ggokoglu@gmail.com (T c = 985 K) [17] , wide band gap in minority spins [13] and easy to synthesize experimentally. Co 2 FeSi is also a very promising material with 1100 K Curie temperature and 6 μ B magnetic moment [18] . Co-based Heusler compounds were investigated theoretically in view of density functional calculations and most of them are predicted to be half-metallic [11] [12] [13] [14] 17, 19, 20] . Specially, Co 2 MnSi compound was used in production of thin films [21] [22] [23] and devices [24, 25] by several groups.
The Heusler alloys are considered to be an ideal local moment system [26, 27] and the origin of the halfmetalicity of these compounds is more complex than in the half-Heusler alloys due to the presence of the states located entirely at the Co sites [14, 28] . Kurtulus et al. studied the magnetic exchange interactions for a series of Heusler compounds including Co 2 MnZ (Z = Ga, Si, Ge, Sn) by TB-LMTO-ASA method within LDA formalism [29] . They reported that the pair exchange interaction parameter of Co-Mn is much larger than the others in Co 2 MnSi and Co-Mn interactions are responsible for the stability of ferromagnetism.
The integer magnetic moment is an important characteristic property for these systems in stoichiometric composition. The small deviations from integer magnetic moment lead significant disruptions in half-metallic character by non-zero electronic density of states for minority spins around Fermi level. It is also an important question that in what conditions half-metallic character is Until now, high-pressure induced metallization behavior was observed in the non-magnetic insulator and semiconductor compounds and organic molecular crystals rather than half-metallic ferromagnetic structures. One example is barium chalcogenides (BaTe, BaSe, BaS) which are large gap insulators with closed shell ionic system. High pressure optical absorption data on BaS show that the metallization occurs about 80 GPa by band overlap [36] . However, there is not any study in the literature investigating the electronic structure and the stability of half-metallic behavior under high pressure conditions. The major aim of the present work is to clarify the stability of half-metallic electronic structure of cubic Co 2 MnSi (L2 1 ) up to 95 GPa pressure in view of the first principles density functional calculations.
The Heusler structure and computational method
The full-Heusler alloys are ternary intermetallic compounds based on the X 2 Y Z stoichiometry for the L2 1 phase (F m3m space group, #225). X atoms are transition metals which stand on (0 0 0) and ( , respectively. The importance of these materials arise from the ferromagnetic behavior, even though none of the atoms in the composition is ferromagnetic.
Spin-polarized GGA (Generalized Gradient Approximation) of the Density Functional Theory [37,38] (DFT) was used to approximate exchange correlation potential with Perdew-Burke-Ernzerhof parameterization [39] . It is important the utilization of GGA functionals, which is more successful in description of the physical properties of Heusler compounds than L(S)DA so the obtained results are in better agreement with experiments. Ultrasoft pseudopotentials are generated by scalar relativistic The static equation of states of the system was constructed using Vinet equation of states [43] , which is found to be most accurate among the several equation of states formulations in a previous comprehensive study [44] . The pressure for each volume is calculated analytically from the first derivative of the Vinet equation according to volume. The fits are performed using total energies at 27 different volumes ranging from 0.78 to 1.2 V 0 .
Results and discussion
The calculated total energy as a function of lattice constant of stoichiometric Co 2 MnSi was shown in Figure 1 . We fit these data to Vinet [43] and Murnaghan [45] equation of states in order to obtain equilibrium structural parameters of the cubic L2 1 system. The root-meansquare errors in energy obtained in the fitting process were 5 × 10 −7 and 1 × 10 −5 Ry for Vinet and Murnaghan equation of states, respectively. Therefore, we list the Vinet parameters in Table 1 due to very low errors in energy and more accuracy. The bulk modulus calculated from Murnaghan was 210 GPa with the same equilibrium lattice constant value. The calculated lattice constant and total magnetic moment of the system are in very good
